Objective: To compare factors associated with halo nevi with nonsegmental vitiligo (NSV) vs NSV alone.
A
HALO NEVUS (HN) IS USUally an acquired melanocytic nevus, which can be a junctional, dermal, or compound nevus, surrounded by a white depigmented circle. Congenital nevi may also present a halo phenomenon. During its clinical course, an HN may progress up to complete clearing of the nevus. In 1916, Sutton 1 described this entity under the name "leukoderma acquisitum centrifugum," and later, the term Sutton nevus was used among dermatologists. In 1964, Frank and Cohen 2 used the term halo nevus regarding the white depigmented circle surrounding the nevus. Both terms, halo nevus and Sutton nevus, are currently used to refer to this clinical entity. The prevalence of HNs in the white general population is 1%, 3, 4 and HNs usually appear in childhood or early adulthood. In HNs, the diameter of the depigmented circle varies from less than 1 mm to several centimeters. 5 The size of the nevus itself is also highly variable and ranges from a few millimeters to several centimeters. The clinical aspects of the HN may vary greatly according to the stage of the depigmenting process. In addition, in an individual with multiple HNs, different stages can be observed for the halos and the nevi. 6 The link between vitiligo and HN has been studied because of its striking clinical association. Some researchers have proposed that HN could be a risk factor for vitiligo 7 and, furthermore, that HN could be a clinical sign of vitiligo. However, some cases of extensive vitiligo clearly spare melanocytic nevi. 6 In this context, whether nonsegmental vitiligo associated with HN (HN-NSV) is different from NSV not associated with HNs was previously investigated by only 1 other group. In this study, van Geel et al 8 described the prognostic value and clinical significance of HNs in their patients with vitiligo.
We herein present the result of a prospective observational study aimed at identifying weighted factors associated with NSV associated or not with HNs using univariate and multivariate logistic regression procedures.
METHODS
We conducted an observational study in the setting of a prospective cohort of patients attending the Vitiligo Clinic at the Department of Dermatology, University Hospital Center of Bordeaux, Bordeaux, France, between January 1, 2006, and July 1, 2010. The study was approved by the local ethics committee of the University Hospital of Bordeaux, France. All the patients with a diagnosis of NSV were enrolled in the present study. Nonsegmental vitiligo was defined as an acquired progressive bilateral hypomelanosis according to the Vitiligo European Task Force (VETF) definition. 8 Mixed vitiligo, that is, the association of a characteristic segmental involvement associated usually in a second step with the onset of bilateral vitiligo patches, 9 and other forms of vitiligo (segmental, focal, mucosal, and not classifiable) were excluded. The VETF questionnaires were completed for each patient attending the clinic at the first visit. 8 The VETF form provides a wide range of demographic and clinical information, including sex, age, age at onset of leukoderma, phototype, site of involvement and distribution patterns, Koebner phenomenon (defined as depigmentation on scars), presence of HNs, family history of vitiligo, personal or family history of chronic autoimmune/autoinflammatory diseases (autoimmune thyroiditis, atopic dermatitis, psoriasis, rheumatoid arthritis, type 1 diabetes mellitus, alopecia areata, sarcoidosis, systemic lupus erythematosus, Addison disease, and Crohn disease), family history of premature hair graying (PHG) (Ͼ50% white hair before age 40 years) with family trees if needed, emotional stress at onset, and response to treatment, if any. Finally, staging and spreading were assessed as recommended by the VETF group after natural light and Wood lamp examination. 9 This evaluation individually assesses 5 body regions (head and neck, trunk, upper and lower extremities, hands, and feet) for (1) extent of disease (affected body surface, percentage scored 0% to 100%), (2) stage of disease (staging) (normal pigmentation/incomplete depigmentation/complete depigmentation/ complete depigmentation plus partial leukotrichia/complete depigmentation plus complete leukotrichia) (scored 0-4), and (3) disease progression (spreading) (regressive is scored -1; stable, or 0; progressive, 1). A total score for staging and spreading was determined, with values ranging from 0 to 16 for staging and from -5 to 5 for spreading.
Descriptive characteristics were first assessed according to the presence vs absence of HNs. Basic summary statistics, such as proportions, means, and standard deviations, were used to characterize population attributes. To identify factors associated with HN-associated NSV and NSV without a history of HN, comparisons between groups were conducted by univariate and multivariate unconditional logistic regression. All potential predictors of HN-NSV and NSV were first assessed individually, and odds ratios (ORs), corresponding 95% CIs, and P values were computed. The OR significance was determined by Wald test 2 , and predictors with P Ͻ .20 were subsequently assessed using multivariate analysis with a forward stepwise selection procedure. Possible interactions and multicollinearity were examined; when 2 or more potential factors risk were highly correlated, the predictor that was known as being more clinically important was selected for entry. Finally, the goodness of fit of the final model was assessed by using the logistic regression diagnostics procedure. PՅ.05 was considered statistically significant. The Hosmer-Lemeshow test was performed to test the adequation of the model. Statistical analyses were performed using a commercially available software program (SAS, version 9.1.3; SAS Institute, Inc, Cary, North Carolina).
RESULTS

PATIENT DEMOGRAPHICS AND CLINICAL CHARACTERISTICS
A total of 553 patients were included: 189 males and 364 females (male to female ratio, 1 to 2). Of the 553 patients, 130 had associated HNs (23.5%) and 423 had no HNs (76.5%). The mean (SD) age of patients at inclusion was 32.15 (18.46) years (age range, 1-74 years), whereas the mean (SD) age at onset of vitiligo was 22.46 (16.09) years (age range, 0.25-73 years). Moreover, patients with HN-NSV had a significantly lower mean (SD) age at onset of disease (15.02 [13. 08] years). The descriptive characteristics of patients with HN-NSV and NSV alone are given in Table 1 .
UNIVARIATE ANALYSIS
Results of univariate logistic regression of HN-NSV vs NSV for patient characteristics are given in Table 2 . There was no significant statistical difference for items such as sex and pruritus preceding onset, which may relate to inflammation or autoimmunity. Patients with NSV tended to more frequently have a history of thyroid disease (OR, 1.61, P=.07), although there was no significant difference for the presence of antithyroid antibodies between HN-NSV and NSV.
Patients with HN-NSV were more likely to have disease onset before age 18 years (OR, 3.46; PϽ.001). Family history of PHG (OR, 1.74; PϽ .01) was positively associated with HN-NSV, whereas patients with NSV alone had greater surface involvement compared with those with HN-NSV (OR, 1.03; PϽ.01). In addition, trunk involvement was positively associated with HN-NSV (OR, 3.05; PϽ.001), as opposed to acral involvement (ie, hands and feet), which tends to be more frequent in patients with NSV compared with patients with HN-NSV (OR, 1.53; PϽ.07). Moreover, although there was no significant difference in family history of vitiligo between HN-NSV and NSV, a familial background of autoimmune diseases was more frequent in patients with HN-NSV compared with those with NSV (OR, 1.98; P =.02). In addition, Fitzpatrick phototypes I, II, and III were more frequent in patients with HN-NSV than in those with NSV (OR, 2.65; PϽ .001). We found HNs to be present in 22 of 97 patients (23%) with phototypes I and II, 91 of 343 (27%) with phototype III, 5 of 34 (15%) with phototype IV, and 9 of 84 (11%) with phototypes V and VI.
MULTIVARIATE ANALYSIS
When conducting multivariate analysis, age at onset younger than 18 years, phototype, total body area, localization on the trunk, involvement of hands and feet, and total staging were all found to be independent factors, namely, age at onset younger than 18 years; phototypes I, II, and III; trunk involvement; and staging were positively associated with HN-NSV, whereas this association was negative for total affected area and involvement of hands and feet ( 
COMMENT
Compared with segmental vitiligo, NSV is more often associated with an autoimmune background. We recently showed 10 that some clinical items collected in the VETF assessment form, namely, pruritus before depigmentation, HNs, and thyroid autoantibodies, which may relate to the autoimmune/autoinflammatory diathesis, are strongly linked to NSV together with a positive familial background of vitiligo and autoimmune diseases. Specifically, HN is a clinical marker of cellular immune response against abnormal melanocytic cells, nevocytes, which may indirectly pertain to the process targeting normal melanocytes in vitiligo. Nonsegmental vitiligo is clinically heterogeneous in terms of clinical presentation and outcomes. Whether HN-NSV has distinct clinical features and prognosis needs to be confirmed because the relationship between HN and NSV has not been studied so far using weighted factors for HN-NSV vs NSV in isolation, although the prognostic value and clinical significance of HNs were investigated in 1 other study so far. 8 The present study shows that HN-NSV is associated with distinctive clinical features when performing multivariate analysis in a carefully studied monocentric cohort.
As suggested by the results of an earlier study, 11 body surface area involvement was lower in HN-NSV. We also found trunk (the most common site of HNs) to be more frequently involved in HN-NSV than in NSV alone. On the contrary, involvement of the hands and feet was negatively associated with HN-NSV. These findings are in line with a recently published study 12 that describes in a subset of patients with HN discrete depigmentations at a close distance from HNs. According to the investigators, 12 this collateral damage may result from skin immunosurveillance, with clinical consequences on the evolution pattern of this subset of patients.
In another recently published study, van Geel et al 8 found that the first sign of leukoderma, whether vitiligo or HNs, was earlier in patients with HN-NSV vs those with NSV. Similarly, we found an earlier age at NSV onset in patients with HN. This finding should be reconsidered based on a recent genome-wide association study in which the 2 disease subtypes, that is, NSV and HN-NSV, have not been differentiated. The major histocompatibility complex class II region, in contrast with the major histocompatibility complex class I region (which is associated with NSV susceptibility per se), is associated Abbreviation: OR, odds ratio. a Due to possible missing data, the sum of each variable did not always match the total number of patients reported in this column (N = 553). with NSV age at onset in white individuals. 13 Moreover, de Vijlder et al 11 also noticed a negative association between certain HLA class II subtypes in HN-NSV compared with in NSV alone.
In the univariate analysis, we also found that patients with HN-NSV have a more frequent familial background of autoimmunity, although there was no significant difference for personal history of autoimmunity. This latter finding is similarly directed or partially overlapping with a previous study that found personal background of autoimmunity to be more frequent in patients with NSV vs those with HN-NSV or HN alone. 8 Concerning the familial background of autoimmunity, the reliability of a family history for autoimmune disease is low, and its value can be questionable. However, the latter study 8 was performed on a smaller sample and was restricted to some statistical analysis ( 2 test, MannWhitney test, and the Kruskal-Wallis test for comparison between Ͼ2 different groups).
We also found HNs to be more often present in fairskinned patients (phototypes I, II, and III) vs darkskinned patients (phototypes IV, V, and VI). Skin phototype is mainly driven by the balance between eumelanin and pheomelanin. Pheomelanin is prominent in fair phototypes, whereas eumelanin is the major component in dark-skinned individuals. The finding that HN-NSV is more frequent in lighter skin phototypes might be related to the fact that dark-skinned individuals tend to develop fewer melanocytic nevi. [14] [15] [16] An additional hypothesis is that pheomelanin is prone to generate more UV-related stress responses and immunogenicity, leading to HNs. Indeed, these 2 types of melanin react differently in response to UV: eumelanin acts as a photoprotective antioxidant and pheomelanin exhibits phototoxic pro-oxidant behavior. [17] [18] [19] [20] [21] If pheomelanin and eumelanin are present in all skin phototypes, the ratio of pheomelanin to total melanin is higher in patients with lighter phototypes (ie, phototypes I, II, and III), and the induction of cyclobutane pyrimidine dimers and 6-4 photoproducts is inversely correlated with the phototype of origin of cultured melanocytes. 19, 22 Consequently, this may affect melanocyte survival and the possible release of melanocytic immunogenic proteins.
Moreover, we found that a family history of PHG was positively associated with HN-NSV. Premature hair graying is an inherited trait. Specifically, hair graying is probably linked to an early reduction in tyrosinase activity in hair bulbar melanocytes associated with inappropriate melanocyte-cortical keratinocyte interactions and defective migration of melanocytes to the follicular papilla of the hair bulb. 23, 24 An autoimmune/autoinflammatory cause is usually not considered for PHG. However, the positive association between HN-NSV and PHG should be reexamined based on genome-wide association study data, which found a susceptibility variant for NSV in the tyrosinase gene (TYR) in white Europeans. The major (Arg) allele of single-nucleotide polymorphism rs1126809, a common nonsynonymous (Arg402Gln) polymorphism, is associated with NSV in white Europeans. In contrast, the minor (Gln) allele, which is protective with respect to NSV, is associated with susceptibility to malignant melanoma in the same population. The TYRArg402Gln polymorphism thus represents an inverse relationship between NSV and malignant melanoma 25 and suggests that the susceptibility variants govern normal immunosurveillance against the melanocytic system. A subset of PHG might, thus, be reconsidered as an immune process targeting inappropriately specifically the hair follicle melanocytic compartment. To what extent the higher propensity to target the hair follicle in HN-NSV (because the higher staging scores found in the NSV subset in this study are related to leukotrichia) is associated with this positive family history of PHG is intriguing. Premature leukotrichia/canities is not a usual feature in patients with NSV, suggesting that the vitiligo immune responses may target differentiated melanocytes rather than amelanotic follicular precursors. Furthermore, the finding of a positive association of PHG with HN-NSV suggests searching for PHG in the context of risk of melanoma.
Based on these results, we hypothesize that HN-NSV and NSV can be considered of inflammatory/autoimmune origin but with possible differences in the recognition pattern of melanocytic antigens (hair follicle compartment/interfollicular compartment, the former being more involved in HN-NSV than in NSV in isolation) and possibly in the circulation pattern of skin lymphocytes in charge of the immune surveillance of the various skin territories. The argument for the latter point is that HNs are mostly situated in nonacral areas and that vitiligo lesions in this setting have a more central distribution. In the context of a possible stronger natural cutaneous immunosurveillance, HN-NSV might be initiated by an immune response first directed against nevocellular targets with a collateral damage of surrounding melanocytes belonging to the same territory of circulation, as hypothesized for segmental vitiligo. 26 Moreover, the strong link that we found between HN-NSV and PHG may suggest that the latter may involve an autoimmune process. Further epidemiologic studies more accurately accounting for the chronological order of HN-NSV or NSV-HN may be of interest for confirming the hypotheses. 
